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(54) CHARGING SYSTEM FOR MOTOR-DRIVEN VEHICLE 



(57) The charging system of the invention com- 
prises a primary charging device 4 disposed at a prede- 
termined location, and a secondary charging device 6 
mounted on the body 1 of a bicycle. The secorxlary 
charging device 6 comprises a secondary coil unit 50, 
rectifying circuit and charging control circuit which are 
housed in a casing 610. The secondary coil unit 50 is 
connected to a battery 20 mounted on the bicycle body 
1 by a cord, and comprises a secondary coil 502 pro- 
vkied around an iron core 501 . On the other hand, the 
primary charging device 4 conprises a primary coil unit 
30 and charging circuit which are housed iri a casing 
410. The primary coil unit 30 comprises a primary coil 
302 provided around an iron core 301. When the sec- 
ondary coil unit 50 is positioned dose to the primary coil 
unit 30, the battery 20 can be charged by the charging 
system. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to systents for i 
charging batteries mounted on electrically movable 
vehicles such bicycles equipped with an electric motor 
and electric motor vehicles. 

BACKGROUND AFH" 

[0002] In recent years, progress has been made in 
developing electrically assisted bicycles having an elec- 
tric nrrotor mounted on the body of the bicycle which can 
be driven by human power and adapted to assist in the 
human drive force. 

[0003] With reference to FIG. 49 schematically show- 
ing the construction of a bicycle equipped with an elec- 
tric motor 2, the torque generated by stepping on pedals 
on the body 1 of the bicycle is detected by a torque sen- 
sor 21. which in turn feeds a detection signal to a con- 
troller 22. In response to the torque detection signal 
input, the controller 22 prepares a torque command in 
accordance with the signal, giving the command to the 
motor 2. Consequently, the bicycle body 1. which is 
given human torque, is further supplied with torque 
delivered by the motor according to the input torque 
value to supplement the human drive force. 
[0004] The bicycle body 1 has mounted thereon a bat- 
tery 20 serving as the power supply for the motor 2. 
When the output voltage of the battery 20 has dropped, 
the battery 20 is removed from the bicycle body 1 and 
charged by a device specifically designed for the bicy- 
cle. 

[0005] However, the above charging method requires 
the procedure of connecting the output terminals of the 
charging device to the charging terminals of the battery 
20 by a cable, hence the problem that this procedure is 
cumt^ersome. 

[0006] Accordingly an object of the present inventton 
is to provide a charging system adapted to charge the 
battery without necessitating a procedure for connect- 
ing the system to the battery with a cable. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a system for 
charging a battery serving as the power source for an 
electric motor mounted on an electrically movable vehi- 
cle. The t>attery charging system comprises a primary 
charging device and a secondary charging device. The 
primary charging device has an energy output portion 
adapted to emit magnetic wave energy and disposed in 
the vicinity of a predeternnined position where the vehi- 
cle is to be stopped. On the other hand, the secondary 
charging device has an energy input portion adapted to 
receive the emitted electromagnetic wave energy and 
provided on the body of the vehicle, converts the input 



energy to a charging current and supplies the cunrent to 
the battery. The electromagnetic wave energy is, for 
example, microwaves, magnetic energy or rays. 
[0008] When the battery on the electrically movable 
vehicle is to be charged by the system of the invention, 
the vehicle Is nKJved to and stopped at the predeter- 
mined position to position the energy input portion of the 
secondary charging device dose to the energy output 
portion of the primary charging device, whereby the 
0 electromagnetic wave energy emitted by the energy 
output portion of the primary charging device is deliv- 
ered to the energy input portion of the secondary charg- 
ing device and converted to a charging current The 
current is supplied to the battery to charge the battery. 
fs [0009] Stated more specifically, the electronregnetic 
wave energy is magnetic energy, the energy output por- 
tion of the primary charging device is a primary coil unit 
comprising a primary coil provided around an iron core, 
and the energy input portion of the secondary charging 
20 device is a secondary coil unit comprising a secondary 
coil provided around an iron core. With this charging 
system thus specifically constructed, the secondary coil 
unit is brought close to the primary coil unit, causing the 
lines of magnetic force emanating from the core of the 
25 primary coil to inrpinge on the core of the secondary coil 
and penetrate through the secondary coil, whereby the 
primary coil and the secondary coil are electromagneti- 
cally coupled to each other. Consequently, the secorKl- 
ary coil affords a cun'ent, which is supplied to the 
30 battery to charge the battery. 

[0010] Specifically stated, the electrically movable 
vehicle is an electrically assisted bicycle, and the sec- 
ondary coil unit of the secondary charging device is 
attached to the axle of front wheel or rear wheel of the 
35 bicycle. When the battery is to be charged by the sys- 
tem thus specifically constructed, the secondary coil 
unit on the front or rear wheel is brought close to the pri- 
mary coil unit of the primary charging device, where- 
upon the bicycle is halted. 
40 [001 1 ] Alternatively, the secondary coil unit of the sec- 
ondary charging device is attached to a pedal of the 
electrically assisted bicycle. When the battery is to be 
charged in this specific case, the bicycle is halted with 
the secondary coil unit on the pedal brought close to the 
45 primary coil unit of the primary charging device. 

[001 2] Further alternatively, the secondary coil unit off 
the secondary charging device is attached to a stand for 
supporting the body of the bicycle in an upright position. 
When the battery is to be charged by the system thus 
50 specifically constructed, the secondary coil unit on the 
stand is brought dose to the primary coil unit of the pri- 
mary charging device, whereupon the bicyde is halted. 
[0013] Stated more specifically, the secondary coil 
unit of the secondary diarging device is attached to the 
55 stand at a position away from a ground contact portion 
thereof. With the charging system thus specifically con- 
structed, the secondary coil unit is attached to the stand 
at a position away from the ground contact portion 
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thereof and therefore unlikely to come into direct striking 
contact with the ground when the bicycle body is sup- 
ported by the stand, and the impact acting on the sec- 
ondary coil unit is slight. Accordingly, there is no need to 
provide special means for protecting the secondary 5 
charging des/ice from impact, rendering the device com- 
pact and lightweight. 

[0014] Stated more specifically, the primary charging 
device has a casing housing the primary coil unit therein 
and formed with a recessed portion for the secondary 10 
coil unit of the secondary charging device to engage in. 
The primary coll unit and the secondary coil unit are 
opposed to each other and can be magnetically coupled 
together, with the secondary coll unit engaged in the 
recessed portion. With this charging system thus spedf- is 
ically constructed, the secondary coil unit, when 
engaged in the recessed portion, can be accurately 
positioned in place, with the result that the primary and 
secondary coil units are electromagnetically coupled to 
each other reliably to efficiently charge the battery. With 20 
this construction, the secondary coil unit can be easily 
positioned in place when the battery is to be charged. 
[0015] Stated more specifically, the iron core of the 
primary coil unit is C-shaped or L-shaped, and the iron 
core of the secondary coil unit is in the form of a bar. 25 
Opposite ends of the iron core of the primary coil unit 
are positioned in proximity to or in contact with respec- 
tive opposite ends of the iron core of the secondary coil 
unit, with the secondary coil unit engaged in the 
recessed portion of the primary charging device. When 3o 
the secondary coil unit is engaged in the recessed por- 
tion of the primary charging device in the charging sys- 
tem thus specifically constructed, opposite ends of the 
iron core of the primary coil unit are positioned in prox- 
imity to or in contact with respective opposite ends of 3S 
the iron core of the secondary coil unit, so that the lines 
of magnetic force emanating from the core of the pri- 
mary coil unit almost wholly impinge on the core of the 
secondary coil unit, consequently making it possitrie to 
charge the battery efficiently. 40 
[0016] Stated more specifically, the primary charging 
device comprises a positioning mechanism for placing 
thereon the rear wheel of the bfoyde as stopped at the 
predetermined position. The secondary coil unit of the 
secondary charging device engages in the recessed 45 
portion of the primary charging device with the rear 
wheel placed on the positioning mechanism. In the 
charging system thus specifically constructed, the elec- 
trically assisted bicycle is stopped with its rear wheel 
placed on the positioning mechanism, whereby the sec- so 
ondary coil unit is engaged in the recessed portion of 
the prinftary charging device. This accurately positions 
the secondary coil unit in place, electromagnetically 
coupling the primary and secondary coil units to each 
other reliably to efficiently charge the battery. With this ss 
construction, the secondary coil unit can tDe positioned 
in place with ease when the battery is to be charged. 
[0017] More specifically stated, the primary charging 



device comprises a switch for energizing or deenergiz- 
ing the primary coil unit. The secondary charging device 
comprises on/off means for turning on or off the switch 
with the movement of the secondary coil unit toward or 
away from the primary coil unit. When the battery is to 
be charged by the system thus specifically constructed, 
the secondary coil unit is brought close to the primary 
coil unit, whereby the switch is automatically turned on 
to supply current to the primary coil unit. On the other 
hand, when the secondary coil unit is moved away from 
the primary coil unit as when riding the bicycle, the 
switch is automatically turned off to susperKi the supply 
of cunent to the primary coil unit. The switch of the pri- 
mary charging device is thus turned on to supply cunent 
to the primary coil unit only when the two coil units are 
brought cfose to each other. This assures safety and 
diminishes power consumption. 
[0018] More specifically stated, the stand is provided 
with a lock mechanism for locking the stand, in an 
upright position, arxi the secondary charging device 
comprises a switch for effecting or suspending passage 
of current through the t>attery and on/off means opera- 
tively connected to the lock mechanism for turning on 
the switch when the lock mechanism is in a locked state 
or turning off the switch when the lock mechanism is in 
an unlocked state. When the lock mechanism of the 
system thus specifically constructed is locked with the 
stand in its upright position, the switch is turned on in 
operative relation with the lock mechanism. When the 
secondary coil unit is brought close to the primary coil 
unit in this state, cunent is supplied to the battery. When 
the lock mechanism is unlocked in an attempt to rkie the 
bicycle, the switch Is turned off in operative relation with 
this movement to discontinue the supply of current to 
the battery. Accordingly, no cun^ent is supplied to the 
battery during riding, hence safety. 
[0019] With the charging system of the invention for 
electrically movable vehicles, the battery can be 
charged by positioning the energy input portion of the 
secondary charging device in proximity to the energy 
output portion of the primary charging device. This obvi- 
ates the need for the conventional connecting proce- 
dure with use of a cat^e. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

FIG. 1 is a diagram showing the overall construction 
of a first embodiment of battery charging system for 
a bicycle equipped with an electric motor; 
FIG. 2 is a diagram of a primary coil unit and a sec- 
ondary coil unit included in the system; 
FIG. 3 is a rear view partly broken away and show- 
ing the system in charging operation as it is seen 
from the front; 

FIG. 4 is a block diagram showing the construction 
of the system; 
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FIG. 5 Is a side elevation of a second embodiment 
of battery charging system for a bicycle equipped 
with an electric motor to show the system in charg- 
ing operation as it is seen from the left side; 
FIG. 6 IS plan view partly broken away and showing s 
the system In charging operation as it is seen from 
above; 

FIG. 7 is a diagram of a primary coil unit and a sec- 
ondary coil unit included in the system; 
FIG. 8 includes diagrams showing a switch mecha- io 
nismofthe system; 

FIG. 9 is a block diagram showing the construction 
of the system; 

FIG. 10 Is a perspective view showing the overall 
construction of a third embocfiment of battery is 
charging system for a bicyde equipped with an 
electric motor; 

FIG. 11 is a diagram of a primary coll uriit arKi a 
secondary coil unit included in the system; 
FIG. 1 2 is a rear view partly broken away and show- so 
Ing the system In charging operation as it is seen 
from the behind; 

FIG. 13 Is a perspective view showing a primary 
charging device Included In a fourth embodiment of 
battery charging system for a bicycle equipped with 2S 
an electric motor; 

FIG. 14 is a diagram of a primary coil unit arxJ a 
secondary coil unit included in the system; 
FIG. 15 is a side elevation partly txoken away and 
showing the system in charging operation as It is 30 
seen from the left side; 

FIG. 16 is plan view partly broken away and show- 
ing the system in charging operation as it is seen 
from above; 

FIG. 17 is a perspective view showing a primary 3S 
charging device included in a fifth embodiment of 
battery charging system for a bicycle equipped with 
an electric motor; 

FIG. 18 is a diagram of a primary coil unit and a 
secondary coil unit included in the system; 40 
FIG. 19 is plan view partly broken away and show- 
ing the system in charging operation as it is seen 
from above; 

FIG. 20 is a rear view partly broken away and show- 
ing the system in charging operation as it is seen 4S 
from the behind; 

FIG. 21 is a perspective view showing a primary 
charging device included in a sixth embodiment of 
battery charging system for a bicycle equipped with 
an electric motor; so 
FIG. 22 Is a diagram of a primary coil unit and a 
secondary coil unit included in the system; 
FIG. 23 is plan view partly broken away and show- 
ing the system in charging operation as it is seen 
from above; ss 
FIG. 24 is a rear view partly broken away and show- 
ing the system in charging operation as it Is seen 
from the behind; 



FIG. 25 Is a perspective view showing the overall 
construction of a seventh embodiment of battery 
charging system for a bicycle equipped with an 
electric mcXor; 

FIG. 26 Is an ertarged fragmentary view partly bro- 
ken away and showing the system; 
FIG. 27 is an enlarged diagram partly broken away 
and showing the system in charging operation; 
FIG. 28 is a perspective view showing the overall 
constructiori of an eighth embodiment of battery 
charging system for a bicycle equ4>ped with an 
electric motor; 

FIG. 29 Is a rear view partly broken away and show- 
ing the system in charging operation as It Is seen 
from the behind; 

FIG. 30 is a diagram of a primary coil unit and a 
secondary coil unit included in the system; 
FIG. 31 is a perspective view showing the overall 
construction of a ninth embodiment of battery 
charging system for a bicycle equipped with an 
electric motor; 

FIG. 32 is a rear view partly broken away and show- 
ing the system in charging operation as it is seen 
from the behind; 

FIG. 33 is a perspective view showing the overall 
construction of a tenth embodiment of battery 
charging system for a bicycle equipped with an 
electric motor; 

FIG. 34 is a rear view partly broken away and show- 
ing the system in charging operation as it Is seen 
from the behind; 

FIG. 35 is a perspective view showing the overall 
construction of an eleventh emfcxxliment of k>attery 
charging system for a bk:ycle equipped with an 
electric motor; 

FIG. 36 Is a rear view partly broken away and show- 
ing the system in charging operation as it Is seen 
from the behind; 

FIG. 37 is a perspective view showing the overall 
construction of a twelfth embodiment off battery 
charging system for a bicycle equipped with an 
electric motor; 

FIG. 38 Is a diagram of a primary coil unit and a 
secondary coil unit included in the system; 
FIG. 39 is a rear view partiy broken away and show- 
ing the system In charging operation as It Is seen 
from the k>ehind; 

FIG. 40 is a perspective view showing the overall 
construction of a thirteenth embodiment of battery 
charging system for a bicycle equipped with an 
electric motor; 

FIG. 41 is a rear view partiy broken away and show- 
ing the system In charging operation as it is seen 
from the behind; 

FIG. 42 is a perspective view showing a secondary 
charging device included in a fourteenth eml)odi- 
ment of battery charging system for a bicycle 
equipped witii an electric vnoXor, 
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FIG. 43 is perspective view showing a primary 
charging device induded in the system; 
FIG. 44 is a diagram of a primary coil unit and a 
secondary coil unit included in the system; 
FIG. 45 is a side elevation lor illustrating the 
engagement of a stand in a recessed portion of the 
primary charging device for charging; 
FIG. 46 is a side elevation showing the system in 
charging operation as it is seen from the left side; 
FIG. 47 is a diagram schematically showing the 
construction of a fifteenth emtx)diment of charging 
system for an electric motor vehicle; 
FIG. 48 is a diagram schematically shewing the 
construction of a sixteenth embodiment of charging 
system for an electric motor vehicle; and 
FIG. 49 is a diagram showing the overall construc- 
tion of a conventional bicycle equipped with an 
electric motor. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0021] First to fourteenth embodiments are applica- 
tions of the present invention to an electrically assisted 
bicyde as shown in FIG. 1. The charging systems of 
these embodimerrts comprise a primary charging 
device 4 to be installed at a specified location in a house 
or parking tot. and a secondary charging device 6 to be 
mounted on the body 1 of the k}icycle. In the following 
desaiption, the direction in which the bicycle body 1 
advances when the pedals are stepped on will be 
referred to as "front," and the terms "right" and "left** are 
used for the bicyde body as it is seen from behind 
toward the front. 

First Embodiment 

[0022] With reference to FIG. 1 . the bicycle body 1 is 
provided with a battery 20 serving as the power source 
for an electric motor 2. 

[0023] The charging system of the present embodi- 
ment comprises a secondary charging device 6 which is 
mounted on the left end of axle 130 of afront wheel 12a. 
The charging device 6 has incorporated therein a sec- 
ondary coil unit 50, rectifying drcuit (not shown) and 
charging control circuit (not shown) which are housed in 
a casing 610. The secondary coil unit 50 is connected to 
the battery 20 by a connecting code (not shown) 
extending along the axle 130, front fork 11 and frame 
13. As shown in FIG. 2, the coil unit 50 comprises a sec- 
ondary coil 502 provided around a bar like iron core 501. 
The end iace of the core 501 toward the primary charg- 
ing device 4 is left exposed to outside from the casing 
610. The core 501 is, for example, a ferrite core. 
[0024] The casing 610 has a magnet 61 fixed to its 
rear side by a resin molding as seen in FIGS. 1 and 3. 
[0025] The bicycle of the present embodiment can be 
set in a charging mode for charging the t^ery 20, stop 
mode for stopping the bicycle body 1 without charging. 



and a riding mode to be set for riding. A manual change- 
over switch 24 for selecting one of these modes is 
mounted on the front fork 11. 

[0026] On the other hand, the primary charging device 

5 4 has incorporated therein a primary ooil unit 30, switch 
401 and charging drcuit (not shown) which are housed 
in a casing 410. The primary coil unit 30 is disposed at 
the same level as the axle of the front wheel 12a. The 
switch 401 is disposed below the coil unit 30. Extending 

10 from the casing 410 is a power source cord 407 con- 
nectable to a receptacle of commercial power source 8 
of 100 V. As shown in FIG. 2. the coil unit 30 comprises 
a primary coil 302 provided around a t>arlike iron core 
301 . The end lace of the core 301 to be opposed to the 

IS bicycle body 1 is left exposed to outside from the casing 
410. The core 301 is. for example, a ferrite core. The 
switch 401 is turned on when brought dose to the mag- 
net 61 or is turned off when moved away therefrom. The 
casing 410 is provided with a light-emitting diode 402 

20 which is turned on during charging. 

[0027] FIG. 4 shows the overall construction of the 
charging system of the present embodiment. 
[0028] As illustrated, the primary charging d&j'\ce 4 
comprises the primary coil unit 30. switch 401. chargirig 

25 drcuit 403 comprising a redifying circuit arxl high-fre- 
quency inverter, and light-emitting diode 402. The 
charging circuit 403 is connected to the commercial 
power source 8 via the switch 401 . 
[0029] The switch 401 is turned on when the magnet 

30 61 on the bicyde body 1 is brought close to the switch 
to supply alternating cun-ent from the power source 8 to 
the charging circuit 403. When the magnet 61 is con- 
versely moved away from the switch 401 , the switch is 
turned off to discontinue the supply of current from the 

35 power source 8 to the charging circuit 403. 

[0030] The light-emitting diode 402 goes on when 
supplied with current from the charging drcuit 403 and 
is turned off when the current supply is discontinued. 
[0031 ] On the other hand, the secondary charging unit 

40 6 comprises the secondary coll unit 50, rectifying drcuit 
601. charging control drcuit 602, magnet 61 and 
change-over switch 24. The charging control circuit 602 
ceases the charging operation when the battery 20 is 
fully charged, with the voltage across the terminals 

45 thereof reaching at least a predetermined threshold 
value. 

[0032] The charging control circuit 602 is connected to 
the battery 20 and a load 23 by the switch 24. When the 
switch 24 is connected to a terminal a, the system is set 

50 in the charging mode, with-a closed loop formed by the 
secondary coil unit 50, rectifying drcuit 601, charging 
control drcuit 602 and battery 20, Alternatively when 
the switch 24 is connected to a terminal b. the system is 
set in the stop mode with a closed loop formed by the 

55 secondary coil unit 50. rectifying circuit 601 and charg- 
ing circuit 602. Further alternatively when the switch 24 
is connected to a terminal c. the system is set in the rid- 
ing mode with a closed loop formed by the secondary 
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coil unit 50, rectifying circuit 601 , charging control circuit 
602 and load 23. 

[0033] When the iDattery 20 of the bicycle body 1 is to 
be charged by the system of the present embodiment 
the secondary coil unit 50 of the secondary charging i 
device 6 is brought into contact with the primary coil unit 
30 of the primary charging device as shown in FIGS. 1 
to 3 by advancing the bicyde body 1 , and the switch 24 
is changed over to set the system in the charging mode. 
The switch 401 is turned on by the magnet 61 brought 
close thereto. The switch 24 is closed at the terminal a. 
[0034] The alternating current available from the com- 
mercial power source 8 Is supplied to the charging cir- 
cuit 403, converted to a high-frequency current and then 
fed to the primary coll unit 30. This causes the primary 
coil 302 of the unit 30 to produce lines of magnetic 
force, which penetrate through the secondary coil 502 
of the secondary coil unit 50, whereby the primary and 
secondary coils 302, 502 are electromagnetically cou- 
pled to each other to provide a high-frequency trans- 
former. With the core 301 of the primary coil unit 30 in 
contact with the core 501 of the secondary coil unit 50, 
the lines of magnetic force emanating from the core 301 
of the unit 30 almost wholly impinge on the core 501 of 
the unit 50 to pass through the secondary coil 502. 
[0035] Consequently, the secondary coil unit 50 
affords a high-frequency current, which is converted by 
the rectifying circuit 601 to a direct current, then set to a 
predetermined current value by the charging control cir- 
cuit 602 and fed to the battery 20, whereby the battery 
20 is charged. 

[0036] The alternating cun-ent available from the 
power source 8 is also supplied via the charging circuit 
403 to the light-emitting diode 402, which is turned on 
by the supply of cun-ent. 

[0037] When the battery 20 has been fully charged 
with the voltage across the terminals thereof reaching at 
least the predetermined threshold value, the charging 
control circuit 602 functions to discontinue the charging 
operation. At this time, the charging circuit 403 discon- 
tinues the supply of cunent to the diode 402. whereby 
the diode 402 is turned off; 

[0038] With the charging system of the present 
embodiment, the battery 20 can be charged merely by 
bringing the secondary coil unit 50 of the secondary 
charging device 6 into contact with the primary coil unit 
30 of the primary charging device 4. 
[0039] Further because the iron core 501 of the sec- 
ondary coil unit 50 is held in contact with the iron core 
301 of the primary coil unit 30 during charging, the bat- 
tery 20 can be charged efficiently 
[0040] Furthennore, the switch 401 of the primary 
charging device 4 is closed only when the coil units 30, 
50 are turought close to each other, permitting the pour 
source 8 to supply current to the primary coil unit 30. 
This assures safety and diminishes power consumption. 
[0041] No current is supplied to the battery 20 while 
the system is set in the riding mode or stop mode in 



which charging is not intended. This also ensures 
safety. 

Second Embodiment 

[0042] FIG. 5 shows a bicycle equipped with an elec- 
tric motor and having the charging system off this 
emt)odiment. With this system, the rear wheel 12b off 
the bicycle has a stand 15 for supporting the body 1 of 
10 the bicycle in an upright posture. The stand 15 com- 
prises a leg portion 15a extending obliquely downward 
in the state of supporting the bicycle body 1 (hereinafter 
referred to merely as the "support state"), and a ground 
contact portion 15b in contact with the ground in the 
15 support state. The stand 15 is provided with a known 
lock mechanism 7 for locking the stand 15 in an upright 
position. When the body 1 of the present bicycle is to t)e 
supported by the stand 15, the stand 15 is positioned 
Lq^right and then the lock mechanism 7 is set in a locked 
20 state. When the bicycle is to be ridden, the mechanism 
7 is released from the locked state, and the stand 15 is 
forced up to a horizontal position. 
[0043] The secondary charging device 6 of the 
present embodiment conrprises a secondary coil unit 
25 51 . which is incorporated, in the ground contact portion 
15b of the stand 15 as seen in FIGS. 5 and 5. The coil 
unit 51 is connected to the battery 20 by a cable (not 
shown) which is embedded in the leg portion 15a of the 
stand 15 and a chain stay 16. As seen in FIG. 7. the 
30 secondary coil unit 51 comprises a secondary coil 512 
provided around a barlike iron core 511. The core 511 
has a front end face which is left exposed to the outside. 
The lock mechanism 7 off the stand 7 has a switch 
mechanism 60 comprising a switch 65 and a magnet 
35 66. The operation of the switch mechanism 60 will be 
desaibed later in detail. A battery unit (not shown) for 
housing the battery 20 has a rectifying circuit arKi a 
charging control circuit incorporated therein. 
[0044] On the Other hand, the primary charging device 
40 4 comprises a primary coil unit 31 and a charging circuit 
(not shown) which are housed in a casing 420. Extend- 
ing from the casing 420 is a power source cord (not 
shown) connectable to a receptacle of a commercial 
power source 8 of 100 V. The primary coil unit 31 com- 
45 prises a primary coil 312 provided around a barlike iron 
core 311 as shown in FIG. 7. The core 31 1 has a rear 
end face exposed from the casing 420 to the outSKle. 
[0045] FIG. 9 shows the overall construction of the 
charging system of the present embodiment 
so [0046] As fliuslrated. the primary charging device 4 
comprises the primary coil unit 31 . and a charging cir- 
cuit 403 comprising a rectifying circuit and a high-fre- 
quency inverter. The charging circuit 403 is connected 
to the commercial power source 8. 
55 [0047] On the other hand, the secondary charging 
device 6 comprises the secondary coil unit 51 , switch 
mechanism 60, rectifying circuit 601 and charging con- 
trol circuit 602. When the battery 20 is fully charged with 



6 



11 EP 0 902 523 A1 12 



the voltage across the terminals thereof reaching at 
least a predetermined threshold value, the charging 
control circuit 602 discontinues the charging Ofjeration. 
[0048] As illustrated, the switch mechanism 60 com- 
prises the switch 65 and magnet 66. The switch 65 com- 
prises a first switch 65a which is turned on when the 
magnet 66 is brought close thereto, and turned off when 
the magnet is moved away therefrom^ and a second 
switch 65b which is operatively related with the on-off 
movement of the first switch 65a. 
[0049] With reference to FIG. 8 (a), when the stand 1 5 
is positioned upright and the lock mechanism 7 set in 
the locked state, the magnet 66 Is brought dose to the 
switch 65, whereby the first switch 65a Is turned on. 
With this movement the second switch 65b is turned 
on. Consequently, a closed loop is formed by the sec- 
ondary coil unit 51, rectifying circuit 601. chcU-ging con- 
trol circuit 602 and battery 20. 

[0050] On the other hand, when the lock mechanism 
7 Is released from the locked state to position the stand 
horizontally as seen in FIG. 8 (b). the magnet 66 moves 
away from the switch 65. This turns off the first switch 
65a and also turns off the secorxi switch 65b in opera- 
tive relation with the first. Consequently, the loop is 
opened. 

[0051 ] When the t>attery 20 on the bicycle txxly 1 is to 
be charged by the system of the present ennbodiment, 
the tMcyde kxxJy 1 is advanced to bring the rear wheel 
12b close to the right side of the primary charging 
device 4, whereupon the advancing t)icycle body 1 is 
hatted. The stand is then positioned upright to bring the 
secondary coil unit 51 of the secondary charging device 
6 into contact with the primary coil unit 31 of the primary 
charging device 4 as seen in FIGS. 5 to 7, and the lock 
mechanism 7 is set in the locked state. This turns on the 
first and second switches 65a, 65b. 
[0052] The alternating current available from the com-, 
merdal power source 8 is supplied to the charging dr- 
cuit 403, converted to a high-frequency current and then 
fed to the primary coil unit 31 . This causes the primary 
coil 312 of the unit 31 to produce lines of magnetic 
force, which penetrate through the secondary coil 512 
of the secondary coil unit 51. whereby the primary and 
secondary coiis 312, 512 are electromagnetically cou- 
pled to each other. 

[0053] Consequaitly, the secondary coil unit 51 
affords a high-frequency current, which is converted by 
the rectifying circuit 601 to a direct current then set to a 
predetermined current value by the charging control dr- 
cuit 602 and fed to the battery 20, whereby the battery 
20 is charged. 

[0054] When the battery 20 has been fully charged 
with the voltage across the terminals thereof reaching at 
least the predetermined threshold value, the charging 
control drcuit 602 functions to discontinue the charging 
operation. 

[0055] While the lock mechanism 7 is left unlocked for 
riding, the switch mechanism 60 of the secondary 



charging device 6 of the present charging system is off, 
and no current is supplied to the battery 20 to assure 
safety. 

[0056] When the lock mechanism 7 is unlocked, the 
5 switch mechanism 60 of the secondary charging device 
6 is automatically turned off. This eliminates the cum- 
bersome switching procedure need for the first embodi- 
ment when charging is to be effected or ended. 
[0057] The switching mechanism 60 descrH^ed can be 
10 replaced by a switch mechanism which is turned on by 
positioning the stand upright and turned off by fordng 
the stand upward. 

Third ^mbodimgnt ' 

15 

[0058] FIG. 10 shows a bicycle having an electric 
motor and the charging system of this enrdxxliment: The 
rear wheel 1 2b of the bicycle is provided with a stand 1 7 
for supporting the body 1 of the bicyde in an upright 

20 po6itk>n. The stand 1 7 comprises a pair of left and right 
legs 1 7a, 1 7a extending obliquely downward in the sup- 
port state, a pair of left and right horizontal portions 17b, 
17b extending horizontally in the support state, and a 
pair of ground contact portions 1 7c, 1 7c to be in contact 

25 with the ground in the support state. The stand 17 is 
provided with a lock mechanism 7. 
[0059] As shown in FIGS. 10 and 12, the secondary 
charging device 6 of the present enrtbodiment com- 
prises a secondary coil unit 52 housed in a casing 630. 

30 The casing 630 is attached to the stand 1 7 between the 
two horizontal portions 17b, 17b thereof to interconnect 
these portions 17b, 17b. The secondary coil unit 52 is 
conneded to the battery 20 by a cable (not shown) 
embedded in the stand horizontal portion 17b. ground 

35 contact portion 17c, leg 1 7a and chain stay 16. As seen 
in FIG. 1 1 , the coil unit 52 comprises a secondary coil 
522 provided around a barlike iron core 521 . 
[0060] A battery unit (not shown) including the battery 
20 has a rectifying circuit and a charging control drcuit 

40 incorporated therein. 

[0061] The lock mechanism 7 on the stand 17 is pro- 
vided with a switch mechanism for effecting or suspend- 
ing the supply of current to the t>attery 20. The switch 
mechanism is exactly the same as the switch mecha- 

45 nism 60 of the second embodiment described in con- 
struction and operation and therefore will not be 
illustrated or descritied. 

[0062] On the other hand, the primary charging device 
4 comprises a primary coil unit 32 and a charging drcuit 

so (not shown) which are housed in a C-shaped casing 
430. Extending from the casing 430 is a power source 
cord (not shown) which is connectat)le to a receptecle of 
100-V commercial power source 8. As seen in FIG. 1 1 , 
the coil unit 32 comprises a primary coil 322 provided 

55 around a C-shaped iron core 321, which has opposite 
end faces exposed from the casing 430 to the outside. 
The coil unit 32 is housed in the casing 430, as posi- 
tioned in the same posture as the casing. 
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C00631 When the battery 20 on the bicycle body 1 is to 
be charged by the system of the present embodiment 
the bicycle body 1 is advanced to bring the rear wheel 
12b dose to the rear of the primary charging device 4, 
whereupon the advancing bicycle body 1 is halted. The 
stand 17 is then positioned upright to bring the horizon- 
tal portions 17b, 17b of the stand 17 into contact with 
the respective rear faces 430a. 430a of the casing 430 
of the primary charging device 4 as shown in FIGS. 1 1 
and 12, whereby the casing 630 of the secondary 
charging device 6 is partly placed into the recessed por- 
tion 430b of the primary charging device 4. In this state, 
the secondary coil unit 52 is positioned in proximity with 
the primary coil unit 32. The lock mechanism (not 
shown) is then set in the locked state. Consequently, the 
battery 20 is charged in the same manner as by the sec- 
ond embodiment. 

[0064] With the fourth to sixth embodiments to be 
described below, the rear wheel 12b is provided with a 
stand 15 which has a secondary coil unit incorporated 
therein as in the electrically assisted bicycle of the sec- 
ond embodiment shown in FIG. 5, and the primary 
charging device 4 has a characteristic feature. 

Fourth Embodiment 

[0065] With reference to FIG. 1 3. the primary charging 
device 4 of this embodiment comprises a base 412 
formed with a groove 413 extending in the direction of 
advance of the bteyde body 1 for positioning the rear 
wheel 12b of the body 1 . Extending from the base 412 
is a power source cord 414 connectable to a receptade 
of the commercial power source. 
[0066] Mounted on the base 412 are a primary coil 
unit 33 and a charging drcuit (not shown) which are 
housed in a casing 41. The casing 41 is formed in its 
right side 41a with a recessed portion 411 for the 
ground engaging portion 15b of the stand 15 to engage 
in. The recessed portion 411 is open upward and right- 
ward. 

[0067] As Shown in FIG. 14, the primary coil unit 33 
comprises a primary coil 332 provided around a C- 
shaped iron core 331. The primary coil 332 has an axis 
peuBllel to the direction of advance of the bicyde body 1 . 
The coil unit 33 is provkled at the left side of the 
recessed portion 41 1 to surround this portion, and is 
housed in the casing 41 . 

[0068] On the other hand, the secondary charging 
device 6 conr^^rises a secondary coil unit 53 housed in 
the ground contact portion 15b of the stand 15 as 
shown in FIGS. 15 and 16. With reference to FIG. 14, 
the secondary coil unit 53 comprises a secondary coil 
532 provided around a barlike iron core 531. Uke the 
primary coil 332. the secondary coil 532 has an axis 
parallel to the direction of advance of the bicyde body 1 . 
[0069] When the battery 20 on the bicyde txxJy 1 is to 
be charged by the system of this embodiment, the bicy- 
cle body 1 is advanced to place the rear wheel 12b in 



the positioning groove 413. whereupon the advancing 
body 1 is halted. The stand 15 is then positioned 
upright, and the bicyde body 1 is thereafter shifted left- 
ward to engage the ground contact portion 15b of the 

5 stand 15 in the recessed portion 411 of the primary 
charging device 4. whereby the secondary coil unit 53 
incorporated in the ground contact portion 15b of the 
stand 15 is positioned as specified in proximity with the 
primary coil unit 33. Opposite ends 331a, 331a of the 

10 core 331 of the primary coil unit 33 are opposed to 
respective opposite ends 531a. 531a of the core 531 of 
the secondary coil unit 53. with a small clearance 
formed theret>etween as seen in FIG. 14. 
[0070] Consequently, the primary and secondary coils 

IS 332. 532 are electromagnetically coupled to each other, 
permitting the secondary coll unit 53 to afford a high-fre- 
quency current. The current is supplied to the t>attery 20 
through a rectifying circuit and a charging control drcuit, 
whereby the tsattery 20 is charged. 

so [0071] With the charging system of the present 
embodiment, the ground contact portion 15b of the 
stand 15 is engaged in the recessed portion 41 1 of the 
casing 41 of the primary charging device 4, with the rear 
wheel 12b placed in the positioning groove 413, 

25 whereby the secondary cdl unit 53 can be accurately 
positioned in place, and the primary coil 332 and the 
secondary coil 532 can be electromagnetically coupled 
to each other reliably. 

[0072] . Further since the iron core 331 of the primary 
30 coil unit 33 and the Iron core 531 of the secondary cdl 
unit 53 are arranged in proximity with each other as 
seen in FIG. 14, the lines of magnetic forces emanating 
from the core 331 of the primary coil unit 33 almost 
whdiy impinge on the core 531 of the secondary cdl 
35 unit 53 to penetrate through the secondary coil 532. 
[0073] As a result, the battery 20 can be charged effi- 
dently. 

[0074] The secondary coil unit 53 can be positioned in 
proximity with the primary cdl unit 33 by engaging the 
40 ground contact portk>n 15b of the stand 15 in the 
recessed portion 41 1 of the primary charging device 4. 
The coil unit 53 can therefore be positioned in place 
easily for charging. 

45 Fifth Embodiment 

[0075] The portion 41 1 is recessed in a diredion per- 
pendicular to the diredion of advance of the bicyde 
body 1 according to the fourth emtxxJiment, whereas 

50 the primary charging device 4 of this embodiment has a 
portion 421 recessed in parallel to the direction of 
advance of the bicycle body 1 as seen in FIG. 17. 
[0076] The primary charging device 4 of this emlxxJi- 
ment comprises a base 422 formed with a groove 423 

55 extending in the direction of advance of the bicycle body 
1 for positioning the rear wheel 12b of the body 1 in 
place. Extending from the base 422 is a power source 
cord 424 connectable to a receptade of the commerdal 
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power source. 
[0077] Mounted on the base 422 are a primary coil 
unit 39 and a charging circuit (not shown) which are 
housed in a casing 42. The recessed portion 421 for the 
ground engaging portion 15b of the stand 15 to engage 
in is formed in the rear side 42a of the casing 42. The 
recessed portion 421 is open upward and rearward. 
[0078] As shown in FIG. 18, the primary coil unit 39 
comprises a primary coil 392 provided around a C- 
shaped Iron core 391 . The primary coil 392 has an axis 
perpendicular to the direction of advance of the bicycle 
body 1 . The coil unit 39 is provided at the front side of 
the recessed portion 421 to surround tNs portion, and is 
housed in the casing 42. 

[0079] On the other hand, the secondary charging 
device 6 comprises a secondary coil unit 59 housed in 
the ground contact portion 15b of the stand 15 as 
shown in FIGS. 19 and 20. The secondary coil unit 59 
comprises a secorKlary coil 592 provided around a bar- 
like iron core 591 . Like the primary coil 392, the second- 
ary coil 592 has an axis perpendicular to the direction of 
advance of the bicycle body 1. 

[0080] When the battery 20 on the bk;ycle body 1 is to 
be charged by the system of this embodiment, the bicy- 
cle body 1 is advanced to place the rear wheel 12b in 
the positioning groove 423, whereupon the advancing 
body 1 is halted. When the stand 15 is then positioned 
upright, the ground contact portion 15b of the stand 15 . 
is placed into the recessed portion 421 from the rear 
side of casing 41 of the primary charging device 4 and 
accommodated in the recessed portion 421 as seen in 
FIG. 19, whereby the secondary coil unit 59 incorpo- 
rated in the ground contact portion 15b of the stand 15 
is positioned as specified in proximity with the primary 
coil unit 39. Opposite ends 391a, 391a of the core 391 
of the primary coil unit 39 are opposed to respective 
opposite ends 591a. 591a of the core 591 of the sec- 
ondary coil unit 59. with a small clearance formed ther- 
ebetween as seen in FIG. 18. 

[0081 ] Consequently, the battery 20 is charged in the 
same manner as in the fourth embodiment. 
[0082] With the present embodiment, the ground con- 
tact portion 15b of the stand 15 is placed into the 
recessed portion 421 d the primary charging device 4 
by positioning the stand 15 upright, with the rear wheel 
12b placed in the positioning groove 423. This elimi- 
nates the procedure of shifting the bicycle body 1 left- 
ward after positioning the stand 15 upright which 
procedure is required of the fourth emtxxiiment. 

Sixth Emtxxjiment 

[0083] The fifth embodiment has the C-shaped casing 
42. whereas the primary charging device 4 of this 
embodiment has an L-shaped casing 43 as seen in FIG. 
21. 

[0084] The primary charging device 4 of this embodi- 
ment comprises a base 432 formed with a groove 433 
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ext^ing in the direction of advance of the bicycle body 
1 for positioning the rear wheel 12b of the body 1 in 
place. Extending from the base 432 is a power source 
cord 434 connectable to a receptacle of the commercial 

5 power source. 

[0085] Mounted on the base 432 are a primary owl 
unit 34 and a charging circuit (not shown) which are 
housed in a casing 43. A recessed portion 431 for the 
ground engaging portion 1 5b of the stand 1 5 to engage 

10 in Is formed in the corner of the left side face 43a and 
the rear side face 43b of the casing 43. The recessed 
portion 431 Is open upward and reanA^ard. 
[0086] As shown in FIG. 22, the primary coil unit 34 
comprises a primary coil 342 provided around a sub-. 

IS stantially L-shaped iron core 341 . The primary coil 342 
has an axis parallel to the direction of advance of the 
bicycle body 1. The coil unit 34 is housed in the casing 
43. with its core 341 positfoned along the recessed por- 
tion 431. 

20 [0087] On the other hand, the secondary charging 
device 6 comprises a secondary coil unit 54 housed in 
the ground contact portion ia of the stand 15 as 
shown in FIGS. 23 arxi 24. The secondary coil unit 54 of 
the device 6 comprises a secondary coil 542 provided 

25 around a barlike iron core 541 . The secondary coil 542 
has an axis parallel to the direction of advance of the 
bicycle body 1. 

[QCMBO] When the battery 20 on the bicycle body 1 is to 
be charged by the system of this embodiment, the bicy- 

30 de body 1 is advanced to place the rear wheel 12b in 
the positioning groove 433. whereupon the advancing 
body 1 is halted. When the stand 15 is then positioned 
upright, the ground contact portion 15b of the stand 15 
is placed into the recessed portion 431 from the rear 

35 side of casing 43 of the primary charging device 4 and 
accommodated in the recessed portion 431 as seen in 
FIG. 23. whereby the secondary coil unit 54 incorpo- 
rated in the ground contact portion 15b of the stand 15 
is positioned as specified in proximity with the primary 

40 coil unit 34. In this arrangement, one end face 341a of 
the core 341 of the primary coil unit 34 is opposed to a 
side face 541 b of one end portion of the core 541 of the 
secondary coil unit 54. and a side face 341 b of the other 
end of tiie core 341 of the unit 34 is opposed to tiie face 

45 541 a of the core other end of the secorxiary coil unit 54. 
with a small clearance formed between each pair of 
opposed faces as seen in FIG. 22. Consequentiy. the 
battery 20 is charged. 

[0089] With the present embodiment, tiie recessed 
so portion 431 of the primary charging device 4 is open 
rightward as seen in FIG. 21 , so that the ground contact 
portion 15b of the stand 15 can be placed into the 
recessed portion 431 witii greater ease than is the case 
with tiie f iftti embodiment. 

55 

Seventii Embodiment 

[0090] Witii reference to FIGS. 25 and 26, tiie second- 
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ary charging device 6 of this emixxlimem comprises a 
secondary coil unit 55 incorporated in a pedal 100. The 
coil unit 55 comprises a secondary coil 552 pro>?ided 
around a barlike iron core 551 connected to the shaft of 
the pedal 100. The core 551 has an end exposed side- 
ways of the bicycle body 1 . 

[0091] A crank 10 has a rectifying unit 75 facing the 
bicycle body 1 and is connected to the secondary coil 
unit 55 by conductors (not shown). 
[0092] The bicycle body 1 has a coupling mechanism 

72 for electrically connecting the secondary coil unit 55 
and the battery 20 together or breaking the connection. 
The coupling mechanism 72 comprises a first assembly 

73 attached to the crank 10 at the side thereof facing the 
bicycle body 1» and a second assemt^ly 74 mounted on 
a chain stay 16 on the side thereof facing the petal 100. 
The f irst assembly 73 is opposed to the second assem- 
t^y 74 when the crank 10 is brought to a position in 
which it is parallel to the chain stay 16. 

[0093] The first assembly 73 comprises a coil 733 pro- 
vided around an iron core 732. A pair of positive and 
negative electrodes 731, 731 are attached to the core 
732 on the surface thereof to be opposed to the second 
assembly 74. and are electrically insulated from the 
core 732. 

[0094] On the other hand, the second assembly 74 
has a tubular casing 740 secured to the stay with the 
axis thereof positioned perpendicular to the plane of 
rotation of the crank 10. An iron piece 743 is slidably fit- 
ted in the casing 740 and resiliently supported by a 
spring 742. Attached to the iron piece 743 on the sur- 
face thereof to be opposed to the first assen^ly 73 are 
a peur of positive and negative electrodes 741 , 741 to be 
brought into contact with the pair of electrodes 731 . 731 
of the first assembly 73. 

[0095] With reference to FIG. 27, a positive wire 734 
and a negative wire 735 extending from the rectifying 
unit 75 are connected to opposite ends of the coil 733 of 
the first assembly 73 and to the pair of positive and neg- 
ative electrodes 731 » 731 . The pair of positive and neg- 
ative electrodes 741 . 741 of the second assembly 74 
are connected to the t>attery by a positive wire 744 and 
a negative wire 745. 

[0096] As shown in FIGS. 25 and 26. the primary 
charging device 4 comprises a primary coil unit 35 and 
a charging circuit (not shown) which are housed in a 
casing 440. The coil unit 35 is positioned at a level 
where the unit 35 is opposed to the secondary coll unit 
55 on the pedal 100 when the crank 10 is positioned in 
parallel to the chain stay 16. The primary coil unit 35 
comprises a primary coil 352 provided around a barlike 
iron core 351. The end face oi the core 351 to be 
opposed to the secondary coil unit 55 is exposed from 
the casing 440 to the outside. 

[0097] When the battery 20 is to be charged by the 
system of the present embodiment, the bicycle txxJy 1 is 
advanced to bring the pedal 100 close to the primary 
charging unit 4, whereupon the advancing bicycle body 



1 is halted. The crank 10 is then positioned by rotation 
in parallel to the chain stay 1 6 to oppose the first assem-^ 
biy 73 to the second assembly 74. The secondary coil 
unit 55 provided on the pedal 100 is further opposed to 

5 the primary coil unit 35. 

[0098] TTie altemating cun-errt available from the com- 
mercial power source is converted to a high-frequency . 
current by the charging circuit and then supplied to the 
primary coil unit 35. This causes the primary coil 352 of 

10 the primary coil unit 35 to generate lines of magnetic 
force, which penetrate through the secondary coil 552 
of the secondary coil unit 55 to electromagetically cou- 
ple the primary and secondary colls 352, 552 to each 
other. 

IS [0099] Consequently, the secondary coil unit 55 
affords a high-frequency current, which is then supplied 
to the rectifying unit 75 and rectified, and thereafter sup- 
plied to the coil 733 of the first assembly 73 through the 
positive wire and negative wire 735. The current causes 

20 the coil 733 to produce lines of nrtagnetic force, whtoh 
magnetize the iron core 732 to provide an electromag- 
net. 

[0100] As a result, the iron piece 743 of the second 
assembly 74 is attracted to the iron core 732 of the first 

25 assembly, projecting toward the first assembly 73 
against the spring 742 as shown in FIG. 27 and bringing 
the electrodes 741 , 741 of the second assembly 74 into 
contact with the electrodes 731 . 731 of the first assem- 
bly 73. This forms a cun-ent supply channel from ttie 

30 rectifying unit 75 to the battery to charge the battery. 
[0101] With the eighth to thirteenth embodiments to 
be desCTibed below, the rear wheel 12b of a bicycle hav- 
ing an electric motor is provided with a stand 1 8 for sup- 
porting the body 1 of the bicycle 1 in an upright position, 

35 and the stand 18 comprises a leg 18a extending 
obliquely downward in the support state, and a ground 
contact portion 18b to be brought into contact with the 
ground in the support state. 

[01 02] Eighth to thirteenth embodiments have charac- 
40 terlstics in the configuration of the casing of the primaiy 
charging device 4 and in the position where the second- 
ary charging device 6 is mounted. 

Eighth Embodiment 

45 

[01 03] With reference to FIGS. 28 and 29, the second- 
ary charging device of this embodiment comprises, as 
housed in a casing 620, a secondary coil unit 56 and a 
secondary charging circuit (not shown) comprising a 

so rectifying circuit, and is mounted on an intermediate 
portion of leg 18a of the stand 18. the device facing 
toward the rear wheel 12b of the bicycle body 1 . 
[01 04] The secondary coil unit 56 is connected to the 
battery 20 by a cable (not shown) extending along the 

55 leg 18a of the stand 18 and the chain stay 16. As seen 
in FIG. 30, the coil unit 56 comprises a secondary coil 
562 provided arour^J a barlike iron core 561 . 
\pi 05] On the other hand, the primary charging device 
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4 compriseSp as housed in a casing 44, a primary coil 
unit 36 and a primary charging circuit (not shown) com- 
prising a switching circuit as seen in FIGS. 28 and 29. 
Extending from the casing 44 is a power source cord 
442 connectable to a receptacle of the commercial 
power source. The switching circuit has a switching fre- 
quency of 100kHz. 

[01 061 The left side face of the casing 44 is In the form 
of a slope 44a having substantially the same Inclination 
as the leg 18a in the support state. The slope 44a is 
formed with a recessed portion 441 for accommodating 
the secondary charging device 6. The recessed portion 
441 has an opening in both the rear face 44b and slope 
44a of the casing 44. 

[0107] With reference to FIG. 30, the primary coil unit 
36 comprises primary coils 362. 362 provided around a 
C-shaped iron core 361 . and is housed In the casing 44, 
as disposed at the frorn side of the recessed portion 441 
to sun'ound this portion and positioned in parallel to the 
slope 44a. 

[0108] When the battery 20 on the bicycle body 1 is to 
be charged by the system of the present embodiment, 
the bicycle body 1 Is advanced to move the secondary 
charging device 6 from behind the rear face 44b of cas- 
ing 44 of the primary charging device 4 toward the 
recessed portion 441 . When the bicycle body 1 is fur- 
ther advanced, the leg 18a of the stand 18 moves for- 
ward along the slope 44a. while the secondary charging 
device 6 moves forward within the recessed portion 441 
and is placed in position inside the recessed portion 
441 , whereby the secondary coil 562 of the secondary 
coil unit 56 is brought to a predetermined position in 
proximity to the primary coOs 362 of the primary coil unit 
36. In this state, a high-frequency current flows through 
the primary coils 362, causing the coils 362 to generate 
lines of magnetic force, which in turn penetrate through 
the secondary coil 562. electromagnetically coupling 
the primary coils 362 to the secondary coll 562. Conse- 
quently, the secondary coil 562 affords a high-frequency 
current. The current Is converted to a direct cunrent by 
the secondary charging circuit and then supplied to the 
battery 20 to charge the t>attery 20. 

Ninth Embodiment 

[0109] With reference to FIGS. 31 and 32. the second- 
ary charging device 6 of the present embodiment Is 
opposed to the rear wheel 1 2b of the bicycle body 1 and 
attached to an intermediate portion of a leg 18d of the 
stand 18, and has the same construction as the second- 
ary charging device of the first enlbodlment shown In 
FIG. 30. 

[01 1 0] On the other hand, the prirrary charging device 
4 comprises a primary coil unit 36 and primary charging 
circuit (not shown) which are housed in a casing 45 as 
shown in FIGS. 31 and 32 and are identical In construc- 
tion with those of the eighth embodiment described. 
Extending from the casing 45 is a power source cord 



452 connectable to a receptacle of the commercial 
power source. 

[01 1 1 ] The left side face of the casing 45 is in the form 
of a slope 45a having suk)stantially the same inclination 

5 as the leg 18a of the stand 18 in the support state. The 
slope 45a is formed with a recessed portion 451 for 
accommodating the secondary charging device 6. The 
recessed portion 451 has an opening in both the slope 
45a arxi upper face 45b of the casing 45. 

10 [01 1 2] The primary coil unit 36 Is housed in the casing 
45, surrourKling tiie recessed portion 451 from below, 
as positioned in parallel to the slope 45a. 
[01 1 3] Wh^ the battery 20 of the bicycle body 1 is to 
be charged by the system of this emtmliment. the bicy- 

15 de body 1 is advanced, with the primary charging 
device 4 positioned between the rear wheel 12b and the 
stand 18. With this movement, the leg 18a of the stand 
18 moves forward along the slope 45a, and tiie second- 
ary charging device 6 moves forward. The advancing 

20 . bicycle txxly 1 is halted when the device 6 is brought to 
a position opposed to the recessed portion 451 of the 
casing 45 of the primary charging device 4. The bicyde 
body 1 Is then moved rlghtward to place the secondary 
charging device 6 into the recessed portion 451 from 

2S the slope (45a) side. As a resuft, the battery 20 can be 
charged. 

Tenth Embodiment 

30 [01 1 4] With reference to FIGS. 33 and 34. the second- 
ary charging device 6 of the present embodiment is 
opposed to the rear wheel 1 2b of the bicyde body 1 and 
attached to an Intermediate portion of a leg 18a of the 
stand 1 8, and has the same construction as the second- 

35 ary charging device of the eighth embodiment shown in 
FIG. 30. 

[01 15] On the other hand, the primary charging device 
4 comprises a primary coil unit 36 and a primary charg- 
ing drcuit (not shown) which are housed in a casing 46 

40 as shown in FIGS. 33 and 34 and are identical in con- 
struction witii those of the eighth embodiment 
described. Extending from the casing 46 is a power 
source cord 462 connectable to a receptacle of the 
commercial power source. 

45 [01 1 6] The casing 46 has a slope 46a extending from 
an upper face 46b to a right side face 46c. A recessed 
portion 461 for accommodating the stand 18 is formed 
In both the slope 46a and the right side face 46c. The 
recessed portion 461 has a slanting face 461a with 

so approximately the same indination as the leg 1 8a of the 
stand 18 In the support state. 

[0117] The primary coll unit 36 housed in the casing 
461 is positioned at the left of the recessed portion 461 
to surround this portion from above downward and Is in 
55 parallel to the slope 46a. 

[01 18] When the battery 20 of the bicyde body 1 is to 
be charged by the system of this embodiment, the bicy- 
de body 1 is advanced at the right side of tiie primary 
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Charging device 4. With this movement, the leg 18a of 
the stand 18 moves toward, and the secondary charg- 
ing device 6 moves fonward. The advancing bicycle 
body 1 is halted when the secondary charging device 6 
is brought to a position opposed to the recessed portion 
461 of the casing 46 of the primary charging device 4. 
The bicycle body i is then shifted leftward to place the 
stand 18 and the device 6 into the recessed portion 461 
from the right side 46c of the casing 46. The leg 18a of 
the stand 18 Is placed in as positioned along the slant- 
ing face 461a of ttie recessed portion 461 . As a resJt 
the tMrttery 20 can t>e charged. 

F^mln^ '="*Mdlinent 



Twelfth Eirbodiment 



[01191 With reference to FIGS. 35 and 36. the second- 
ary charging device 6 of the present embodiment faces 
toward the front of the bicycle body 1 . is attached to an 
inlennediate portion of a leg 18a of the stand 18. and 
has the same conslmclion as the secondary charging 
device of the eighth embodiment shown In FIG. 30. 
[0120] On the other hand, the primary charging device 
4 comprises a primary coil unit 36 and a primary charg- 
ing circuit (not shown) which are housed in a casing 47 
as shoMvn in FIQS. 35 and 36 and are idenfical in con- 
stnjction with those of the eighth embodiment 
described. Extending from the casing 47 is a power 
source cord 472 connectable to a receptacle of the 
commercial power source. ^ ^ , 

[01211 The casing 47 has an upper face m the form ot 
a slope 47aslanting rightwardto alower level. The cas- 
ing 47 has a rear face 47b formed with a recessed por- 
tion 471 extending fonward tor accommodating the 
sfand 18. The recessed portion 471 has an opening in 
both the slope 47a and the rear face 47b of the casing 
47 The recessed portion 471 has a right slanting face 
471 a and a left slanting face 471b wHh substantially the 
same inclination as the leg 18a of the stand 18 in the 
support state. 

[01221 The primary coil unit 36 housed in the casing 
47 surrowxte the recessed portion 471 from the front 
side thereof and is positioned m parallel to the slope 
47a. 

[0123] When the battery 20 on the bicycle body 1 is to 
be charged by the system of this embodiment, the bicy- 
cle body 1 is advanced to move the stand 18 and the 
secondary charging device 6 from behind the rear face 
47b of the casing 47 of the primary charging device 4 
toward the recessed portion 471. When the bicycle 
body 1 IS further advanced, the leg 18a of the stand 18 
moves forward along the right slanting face 471a and 
the left slanting face 471b of the recessed portton 471L 
and the secondary charging device 6 moves foroard 
within the recessed portion 471 and is placed in position 
as shown in FIG. 36. ConsequenUy, the battery 20 can 
t)e charged. 



[01241 With reference to FIQS. 37 and 39, the second- 
ary charging device 6 of the present embodiment fac^ 

5 the rear wheel 12b of the bicycle body 1 and is attached 
to an intermediate portion of a leg 18a of the stand 18. 
[01251 The device 6 comprises a secondary coil unit 
57 and a secondary charging circuit (not shown) wrfiich 
are housed in a casing 639. The coil unit 57 is con- 

10 nected to the battery 20 by a cable (not shown) extend- 
ing along he leg 1 8a of the stand 18 and the chain stay 
16 AS seen in FIG. 38. the secondary coil unit 57 com- 
prises a secondary col 572 provided around a barlike 

iron core 571. . . 

IS 101261 With reference to FIQS. 37 and 39. the pnmary 

charging device 4 comprises a primary coil unit 37 and 
a primary charging circuit (not shown) which are housed 
in a casing 48. Extending from the casing 48 is a power 
source cord 482 connectable to a receptacle of the 
so commercial power source. 

[0127] The casing 48 has a left Side face m the form 
of a slope 48a with approximately the same inclination 
as the leg 18a of the stand 18 in the support state. The 
slope 48a is formed with a recessed portion 481 for 
25 accommodating «ie secondary charging device 6. ^ 
[0128] As seen in FIG. 38. the primary coH unit 37 
comprises a primary coil 372 provided around a C- 
shaped iron core 371 . and is housed in the casing 48. 
with the end faces 371a, 37la of the core 371 opposed 
30 tothebottomface481aoftherecessedporton481. 
[0129] When the battery 20 on the bicycle body 1 1S to 
be charged by the system of this entwdiment. the bicy- 
cle body 1 is advanced with the primary charging device 
4 positioned between the rear wheel 12b and the stand 
35 18. With this movement, the leg 18a of the stand 18 
moves tonrard along the slope 48a of the casing 48 of 
the primary charging device 4. and the secondary 
charging device 6 moves fonward. The advanang bicy- 
cle body 1 is halted when the secondary charging 
40 device 6 is brought to a position opposed to the 
recessed portion 481 of the casing 48. The bicycle body 
1 is then shifted rightward to place the de/ice 6 mto the 
recessed portion 481 from the slope (48a) side of the 
casing 48 as seen in FIG. 39. whereby the secondary 
45 coil 572 of the secondary coil unit 57 is positioned m 
ptece in proximity to the primary coil 372 of the primary 
coil unit 37 as shown in FIG. 38. As a resuH. the battery 
20 is charged. . . 



50 Thirteenth E mbodiment 

[01 30] With reference to FIGS. 40 and 41 . the second- 
ary charging device 6 of the present embodiment fac^ 
the rear wheel 12b of the bicycle body 1 and is attached 
55 to an intermediate portion of a leg 18a of the stand 18. 
[01 31 1 On the other hand, the primary charging device 
4 comprises a primary coil unit 37 and a primary charg- 
ing circuit (not shown) which are housed in a casing 49 
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as shown in FIGS. 40 and 41 and are identical in con- 
struction with those of the twelfth embodiment 
described. Extending from the casing 49 is a power 
source cord 492 connectable to a receptacle of the 
commercial power source. 5 
[0132] The casing 49 has a left side face in the form 
of a slope 49a with approximately the same inclination 
as the leg 18a of the starxJ 18 in the support state. A 
recessed portion 491 for accommodating the secondary 
charging device 6 is formed in both the slope 49a and io 
the rear face 49b. 

[01 33] The primary coil unit 37 is housed in the casing 
49, with end faces 371a, 371a of an iron core 371 
thereof opposed to a front face 491a of the recessed 
portion 491. 75 
[01 34] Vilhen the battery 20 on the bicycle body 1 is to 
be charged by the system of this embodiment, the bicy- 
cle body 1 is advanced to move the secondary charging 
device 6 from behind the rear face 49b of the casing 49 
of the primary charging device 4 toward the recessed 20 
portion 491. When the bicycle body 1 is further 
advanced, the leg 18a of the stand 18 moves forward 
along the slope 49a, and the secorxiary charging device 
6 moves forward within the recessed portion 491 and is 
placed in position within the recessed portion 491 as 25 
shown in FIG. 41. Consequently, the t>attery 20 can be 
charged. 

[0135] The battery 20 can be charged by any of the 
charging systems according to the eighth to thirteenth 
embodiments merely by engaging the ground contact 30 
portion 18b of the stand 18 in the casing recessed por^ 
tion of the primary charging device 4. 
[0136] The secondary charging device 6 is attached 
the leg 18a of the stand 18 at an intermediate portion 
thereof and therefore unlikely to come into direct striking 35 
contact with the ground when the bicycle body 1 is sup- 
ported by the stand 18. and the impact acting on the 
secondary charging device 6 is small. Accordingly, there 
is no need to provide special mear^ for protecting the 
secondary charging device 6 from impact, rendering the 40 
device compact and lightweight. 
[0137] . When to ride the electrically assisted bicycle, 
the user kicks up a k?wer portion of the leg 18a of the 
stand 18 from the front side thereof reanward to position 
the stand leg 18a approximately horizontally. Since the 45 
secondary charging device 6 is attached to an interme- 
diate portion of the leg 1 8a, it is unlikely that the user will 
kick the device 6 inadvertently. 

Fourteenth Embodiment so 

[0138] With the charging system of the present 
embodiment, the rear wheel 12b of the electrically 
assisted bicycle shown in FIG. 42 is provided with a 
stand 19 for supporting the bicycle body 1 in an upright 55 
position. The stand 19 comprises a pair of left and right 
legs 19a, 19a extending obliquely downward in the sup- 
port state, a horizontal portion 19b extending horizon- 



tally at a level away from the ground in the support state, 
and a pair of left and right ground contact portions 19c, 
1 9c to be in contact with the ground in the support state. 
The two legs 19a, 19a are interconnected by the hori- 
zontal portion 19b and the two ground contact portions 
19c, 19c. 

[0139] Like the secondary charging device of the 
eighth embodimerrt. the secondary charging device 6 of 
this embodiment comprises, as housed in a casing 640. 
a secondary coil unit 58 and a secondary charging cir- 
cuit (not shown) comprising a rectifying circuit. The 
device 6 is mounted on the upper side of the horizontal 
portion 19b of the stand 19 as shown in FIG. 42. 
[0140] The secondary coil unit 58 is connected to the 
battery 20 by a cable (not shown) extending afong the 
horizontal portion 19b. ground contact portion 19c arxJ 
leg 19a of the stand 19, and the chain stay 16. The coil 
unit 58 conrprises a secondary coil 582 provkled around 
a bariike iron core 581 as seen in FIG. 44. 
[0141 ] With reference to FIGS. 43 and 45, the primary 
charging device 4 comprises, as housed in a casing 40, 
a primary coil unit 38, and a primary charging circuit 
(not shown) comprising a switching circuit. Extending 
from the casing 40 is a power source cord 407 connect- 
able to a receptacle of the commercial power source. 
[0142] The casing 40 has first and second horizontal 
surfaces 404. 405 which are different in level and 
arranged in front and rear, respectively, the first surface 
404 being lower than the second surface 405. The first 
horizontal surface 404 is formed at its rear end with a 
recessed portion 406 for the lower end of the stand 19 
to erigage in. The recessed portion 406 has a slope 
406a slanting rearward from the surface 404 to a lower 
level, and a vertical face 406b extending vertically 
downward from the second horizontal surface 405. 
[0143] As shown in FIG. 44. the primary coil unit 38 
comprises a primary coil 382 provided around a C- 
shaped iron core 381, and is housed in the casing 40, 
with opposite end faces 381a, 381a of the core 381 
opposed to the vertical face 406b of the recessed por- 
tion 406. 

[0144] When the battery 20 is to be charged by the 
system of the present embodiment, the bicycle body 1 
with its rear wheel 12b positioned to the front of the pri- 
mary charging device 4 is retracted while depressing 
the stand 19 to an inclined position at the same time to 
insert the lower end of the stand 19 into the recessed 
portion 408 of the device 4 as seen in FIG. 45. In this 
step, there is no likelihood that the secondary charging 
device 6 will come into contact with the casing 40 of the 
primary charging device 4. When the bicyde body 1 is 
further pulled reanA/ardly upward, the stand 19.is pivot- 
ally moved to a vertical position as seen in FIG. 46. with 
its lower end portion bearing on the vertical face 406b of 
the recessed portion 406. to support the bicycle body 1 . 
In thils state, the secondary coil unit 58 of tiie device 6 is 
positioned in place in proximity to the primary coil unit 
38 of the device 4. Consequently, the primary coil unit 
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38 and the secondary coil unit 58 are electromagneti- 
cally coupled together, starting to charge the battery 20. 
[0145] When the body 1 of the electrically assisted 
bicycle is pushed forward from the supported position 
shown in FIG. 46. the stand 19 is forced upward to a 
horizontal position by coming into contact with the slope 
406a of the recessed portion 406. Accordingly there is 
no need to assist the stand 19 with the end of the foot in 
forcing up the stand. 

[0146] The t>attery 20 can be charged by the system 
of the invention merely by engaging the lower end of the 
stand 19 in the recessed portion 406 of the casing 40 of 
the primary charging device 4. 
[0147] The secondary charging device 6 Is mounted 
on the upper side of the stand horizontal portion 19b 
and is therefore unlikely to come into direct striking con- 
tact with the ground when the bicycle body 1 is sup- 
ported by the stand 19, and the impact acting on the 
device 6 is snnall. The secondary charging device 6 can 
accordingly be made compact and lightweight. 
[0148] According to the second to fourteenth embod- 
iments» the primary charging device 4 can be provided 
with a light-emitting diode 402 which is turned on during 
charging as in the first embodiment. 
[0149] Further as in the first embodiment, the second- 
ary charging device 6 can be made selectively settable 
in one of the charging mode, stop mode and riding 
mode, vtrith the bicycle body 1 equipped with a manual 
change-ova- switch for mode changes. 
[01 50] As in the first embodiment, it is possible to pro- 
vide a magnet 61 on the secondary charging device 6 
and a switch 401 in the primary charging device 4 which 
switch is turned on or off by the movement of the mag- 
net toward or away from the switch. 
[01 51 ] The fifteenth and sixteenth embodiments to be 
described below are application of the present invention 
to electric motor vehicles. As shown in FIGS. 47 and 48, 
the body 9 of the motor vehicle carries a battery 25 
serving as the power source for ene electric motor (not 
shown). 

[0152] The charging system of these embodiments 
comprise a primary charging device 600 to be Installed 
at a predetermined location^ and a secondary charging 
device 900 to be mounted oh the electric motor vehicle. 

Fifteenth Embodiment 



ing unit 62 is a power source cord 621 connectable to a 
receptacle of the commercial power source. 
[0154] A primary coil unit 64 is installed also in the 
parking lot. The coil unit 64 comprises a primary coil 

5 provided around an iron core, and is connected to the 
charging unit 62 by an underground cable 94. 
[01 55] Disposed in the vicinity of the primary coil unit 
64 is a vehicle stop sensor 63 for detecting the electric 
motor veNcle as stopped at a specified parking position. 

10 The sensor 63 is connected to the charging unit 62 by 
an underground cable 95. A stop block 91 is provided at 
a position a predetermined distance rearwardly away 
from the primary coil unit 64. The secondary coil unit 90 
is opposed to the primary coil unit 64, with the vehicle 

15 stopped by the contact of the rear wheels 92b thereof 
with the stop block 91 . 

[0156] When the battery 25 is to be charged by the 
system of this embodiment, the vehicle body 9 to the 
front of the charging unit 62 is retracted as indicated by 
so an arrow in the drawing to bring the rear wheels 92b into 
contact with the stop block 91 , whereupon the vehicle 
body 9 is halted. This positions the secondary coil unit 
90 in procimity to the primary coil unit 64, as opposed 
thereto. 

25 [0157] At this time, the vehicle stop sensor 63 delivers 
a detection signal to the charging unit 62. In response to 
the signal, the charging unit 62 converts the alternating 
current from the commercial power source to a high-fre- 
quency current and supplies the current to the primary 

30 coil unit 64. This causes the primary coil (not shown) of 
the primary coil unit 64 to generate lines of magnetic 
force, which penetrate through the secorxJary coil (not 
shown) of the secondary coil unit 90, electromagneti- 
cally coupling the primary and secondary coils to each 

35 Other. 

[0158] Consequently, the secondary coil unit 90 
affords a high-frequency current which is converted to 
a direct current and rectified by the rectifying circuit 26. 
The cun^ent is thereafter supplied to the battery 25 to 
40 charge the t>attery 25. 

[01 59] The battery 25 can be charged by the system 
of the present emtKxiiment merely by stopping the elec- 
tric motor vehicle at the specified position in the parking 
lot. 

45 

Sixteenth En^bodiment 



[0153] The secondary charging device 900 of this 
embodiment comprises a secondary coil unit 90 
attached to the bottom of the body 9 of the motor vehicle 
as seen in FIG. 47. The coil unit 90 conprises a sec- 
ondary coil provided around an iron core. The second- 
ary coil unit 90 is connected to the t)attery 25 via a 
rectifying circuit 26 which is incorporated in the vehicle 
body 9. On the other hand, the primary charging device 
600 comprises a charging unit 62 installed in a parking 
lot. The charging unit 62 has a charging circuit (not 
shown) incorporated therein. Extending from the charg- 



[0160] The secondary charging device 900 of this 
embodiment comprises a secondary coil unit 90 and a 
so rectifying circuit 26 which are* identical in construction 
with those of the fifteenth embodimerrt and which are 
incorporated in the body 9 of the motor vehicle as 
shown in RG. 48. 

[01 61 ] On the other hand, the primary charging device 
55 600 comprises an underground primary coil unit 64 hav- 
ing the same construction as in the fifteenth emt>odi- 
ment and positioned a predetermined distance 
rearwardly away from a vehicle stop line 93 at an Inter- 
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section, and an underground charging unit 62 of the 
same construction as in the fifteenth embodiment and 
disposed in the vicinity of the coil unit 64. The primary 
coil unit 64 is connected to the charging unit 62 by an 
underground cable 94. The secondary coil unit 90 is 
opposed to the primary coil unit 64 when the vehicle is 
halted, with the front wheels 92a thereof positioned 
along the stop line 93. 

[0162] Disposed in the vicinity of the primary coil unit 
64 is an underground vehicle stop sensor 63 for detect- 
ing the electric motor vehicle as stopped with the front 
wheels 92a positioned along the stop line 93 at the 
intersection. The sensor 63 is connected to the charging 
unit 62 by an underground cable 95. 
[0163] In the case of the charging system of the 
present embodiment, the secondary coil unit 90 Is posi- 
tioned in the vicinity of. and as opposed to, the primary 
coil unit 64 when the vehicle stops with its front wheels 
92a arranged on the stop line 93. 
[01 64] At this time, the sensor 63 outputs a detection 
signal to the charging unit 62. In response to the signal, 
the charging unit 62 converts the alternating cunrent 
from the commercial power source to a high-frequency 
currant and supplies the current to the primary coil unit 
64. As a result, the battery 25 is charged in the same 
manner as in the fifteenth enrdxxlimenl 
[0165] The battery 25 can be charged by the system 
of the present enr^xxfiment. effectively utilizing the time 
during which the vehicle is at a halt at the intersection. 
Since the primary charging device 600 of the present 
embodiment is installed in the ground at the intersec- 
tion, any electric motor vehicle can be charged when 
stopped at the intersection insofar as the vehicle is 
equipped with the secondary charging device 900. 
[01 66] According to the fifteenth and sixteenth embod- 
iments, a microwave transmitter and microwave 
receiver are usable in place of the primary coil unit 64 
and secondary coil unit 90 to adopt an energy transmis- 
sion system with use of microwaves. 
[0167] Furthermore, the fifteenth and sixteenth 
emtxxjiments can be provided with means for checking 
whether magnetic energy is input to the secondary coil 
unit 90. and means for blocking the supply of current to 
the primary coil unit 64 of the charging unit when no 
magnetic energy is found to be input to the coil unit 90. 
If vehicles of other type having no secondary coil unit 90 
come to a stop at the parking bt or intersection, the cur- 
rent will no longer be supplied to the primary coil unit 64 
when the system has these means, hence safety. 
[0168] According to the first to sixteenth embodi- 
ments, the primary coil unit comprises a primary coil 
provided around an iron core, and the secondary coil 
unit comprises a secondary coil provided around an iron 
core, whereas these cores can be dispensed with; the 
primary coil unit can be provided by the primary coil 
only, and the secondary coil unit by the secondary coil 
only. 



Claims 

1. A system for charging a battery serving as a power 
source for an electric motor mounted on an electri- 

5 cally movable vehicle^ the battery charging system 
comprising: 

a primary charging device having an energy 
output portion disposed in the vicinity of a pre- 
10 determined positk>n where the vehide is to be 

stopped for emitting electromagnetic wave 
energy such as microwaves, magnetic energy 
or rays, and 

a secondary charging device having an energy 
IS input portion provided on a t>ody of the vehk:le 

for receiving the emitted electromagnetic wave 
energy, the secondary charging device being 
operable to convert the Input energy to a charg- 
ing current and supply the current to the bat- 
20 tery. 

2. A t>attery charging system according to claim 1 
wherein the electromagnetic wave energy is mag- 
netic energy, and the energy output portion of the 

25 primary charging device is a primary coil unit, the 
energy input portion of the secondary charging 
device being a secondary coil unit. 

3. A battery charging system according to claim 2 
30 wherein the primary coil unit comprises a primary 

coil provided around an iron core, and the second- 
ary coil unit comprises a secondary coil provided 
around an iron core. 

35 4. A battery charging system according to claim 3 
wherein the vehtole is an electrically assisted bicy- 
cle. 

5. A battery charging system according to claim 4 
40 wherein the secondary coil unit of the secondary 
charging device is attached to an axle of a front 
wheel or rear wheel of the electrically assisted bicy- 
cle. 

45 6. A battery charging system according to claim 4 
wherein the secondary coil unit of the secondary 
charging device is attached to a pedal of the electri- 
cally assisted bicyde. 

50 7. A battery charging system according to claim 4 
wherein the secondary coil unit of the secondary 
charging device is attached to a stand for support- 
ing a body of the bicycle in an upright position. 

55 8- A battery charging system according to claim 7 
wherein the secondary coil unit of the secondary 
charging device is attached to the stand at a posi- 
tion away from a ground contact portion thereof. 
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9. A battery charging system according to claim 7 or 8 
wherein the primary charging device has a casing 
housing the primary coil unit therein, the casing 
being formed with a recessed portion for the sec- 
ondary coil unit of the secondary charging device to 5 
engage in. and the primary coil unit and the sec- 
ondary coil unit are opposed to each other and can 
fc>e magnetically coupled together, with the second- 
ary coil unit engaged In the recessied portion. 

10 

10. A battery charging system according to daim 9 
wherein the iron core of the primary coil unit is C- 
shaped or L-shaped, and the Iron core of the sec- 
ondary coil unit is In the form of a bar, opposite 
ends of the iron core of the primary coil unit being is 
positioned in proximity to or in contact with respec- 
tive opposite ends of the iron core of the secondary 
coll unit, with the secondary coil unit engaged in the 
recessed portion of the primary charging device. 

20 

11. A battery charging system according to daim 9 or 
10 wherein the primary charging device comprises 
a positioning mechanism tor placing thereon a rear 
wheel of the bicyde as stopped at the predeter- 
mined position, and the secondary coil unit of the 2S 
secondary charging device engages in the 
recessed portion of the primary charging device 
With the rear wheel placed on the positioning 
mechanism. 

30 

12. A battery charging system according to any one of 
claims 2 to 11 wherein the primary charging device 
comprises a switch for energizing or deenergizing 
the primary coil unit, and the secondary charging 
device comprises on/off means for turning on or off 35 
the switch with the movement of the secondary coil 
unit toward or away from the primary coil unit. 

13. A battery charging system according to any one of 
claims 7 to 1 1 wherein the stand is provided with a 40 
lock mechanism for locking the stand in an upright 
position, and the secondary charging device com- 
prises a switch for effecting or suspending passage 

of cun-ent through the battery and on/off means 
operatively connected to the lock mechanism for 4S 
turning on the switch when the lock mechanism is in 
a locked state or turning off the switch when the 
lock mechanism is in an unlocked state. 
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